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[ 摘要 ]　目的：探讨细胞因子信号转导抑制因子 -1（suppressors of cytokine signaling 1，SOCS1）拮抗物 pJAK2
多肽（氨基酸序列号为 1001—1013）参与树突状细胞（dendritic cells，DCs）的体外诱导培养后对 DCs抗肿瘤作
用的影响。方法：采集健康人外周血，离心获得单个核细胞，用重组人粒细胞巨噬细胞集落刺激因子（recombinant 
human granulocyte-macrophage colony stimulating factor，rhGM-CSF）及重组人白细胞介素 -4（recombinant 
human interleukin-4，rhIL-4）诱导 DCs，第 5天分为 4组：单纯 DCs培养（对照）组、抗原负载（Lysate-DCs）
组、多肽修饰（pJAK2-DCs）组和抗原与多肽共培养（Lysate＋ pJAK2-DCs）组，第 6天各组加入肿瘤坏死因子 -α
（tumor necrosis factor-alpha，TNF-α）促成熟。倒置显微镜下观察 DCs形态；FCM法检测 DCs表型；乳酸脱氢
酶（lactate dehydrogenase，LDH）细胞毒实验检测各组细胞毒性 T淋巴细胞（cytotoxic T lymphocyte，CTL）对
胃癌细胞BGC-823的靶向杀伤作用；ELISA法检测白细胞介素 -12（interleukin-12，IL-12）和 γ干扰素（interferon-γ，
IFN-γ）的水平。结果：与未加入诱导剂组相比，各组均成功诱导出成熟 DCs，均高表达 CD80、CD83、CD86
和人类白细胞 DR抗原（human leukocyte antigen DR，HLA-DR），但以 Lysate＋ pJAK2-DCs组的表达水平最高。
在 10 ：1～ 30 ：1的效靶比范围内，CTL杀伤作用与效靶比呈正相关。当效靶比为 30 ：1时，对照组的 CTL杀
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[ABSTRACT]　Objective: To investigate the effect of pJAK2 polypeptide, an antagonist of SOCS1 
(suppressors of cytokine signaling 1), on antitumor effect of in vitro cultivation-induced DCs (dendritic 
cells). Methods: Peripheral blood was collected from the healthy volunteers, and the PBMCs (peripheral 
blood mononuclear cells) were isolated. DCs were induced by rhGM-CSF (recombinant human 
granulocyte-macrophage colony-stimulating factor) and rhIL-4 (recombinant human interleukin-4). On 
the fi fth day, DCs were divided into four groups: control group, Lysate-DCs group, pJAK2-DCs group, and 
Lysate + pJAK2 DCs group. On the sixth day, TNF-α (tumor necrosis factor-alpha) was added into each 
group. The morphological features of DCs were observed under an inverted microscope; the phenotypes 
were detected by FCM (fl ow cytometry); the killing effect of CTLs (cytotoxic T lymphocytes) on gastric 
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cancer BGC-823 cells was evaluated by LDH (lactate dehydrogenase) cytotoxicity test; the concentrations 
of IL-12 (interleukin-12) and IFN-γ (interferon-γ) were detected by ELISA (enzyme-linked immuno 
sorbent assay). Results: Mature DCs presented typically morphological and phenotypic features; the DCs 
in Lysate + pJAK2-DCs group had the highest expression levels of CD80, CD83, CD86 and HLA-DR (human 
leukocyte antigen DR). When the ratio of effectors to target cells ranged from 10︰1 to 30︰1, the killing 
activity of CTLs had a positive correlation with the ratio. When the ratio of effectors to target cells was 
30︰1, the killing activity of CTLs in the control group was (19.77±2.34)%, which was lowest as compared 
with the other groups (P  < 0.01), meanwhile the killing activity of CTLs in Lysate + pJAK2-DCs group 
was higher than those in Lysate-DCs and pJAK2-DCs groups (P  < 0.05). The levels of IL-12 and IFN-γ 
secretion in Lysate + pJAK2-DCs group were apparently higher than those in the control group (P < 0.01). 
Conclusion: An antagonist of SOCS1, pJAK2 polypeptide, can enhance the ability of antigen presentation 
and specifi c antitumor effect of DCs on gastric cancer cells.
[KEY WORDS]　Stomach neoplasms; Suppressors of cytokine signaling proteins; Dendritic cells; Cell line, 
tumor; pJAK2 polypeptide
[TUMOR, 2013, 33 (06): 509-514]
细胞因子信号转导抑制因子（suppressors 
of cytokine signaling，SOCS）是新近发现的具
有抑制 Janus 激酶 - 信号转导和转录活化因子
（Janus kinase-signal transduction and activators of 
transcription，JAK-STAT）信号转导的一类蛋


























自美国 Gibco 公司；胎牛血清购自美国 PAA
公司；人淋巴细胞分离液购自天津美德太平
洋科技有限公司；重组人粒细胞巨噬细胞集
落 刺 激 因 子（recombinant human granulocyte-
macrophage colony stimulating factor，rhGM-














1×107 个 /mL，置入液氮内 10 min；取出后迅
速置于 37 ℃水浴溶解，反复 3次后，经锥虫蓝
染色后，在光学显微镜下观察可见细胞裂解率达








集健康志愿者抗凝外周血 50 mL，用 37 ℃ PBS
稀释 1倍，沿管壁缓缓倒入盛有淋巴细胞分离








mononuclear cells，PBMCs）。用含 10% 胎牛血
清的 RPMI 1640 完全培养液重悬细胞，并调整
细胞密度为 1×106个 /mL，加入 6孔板，置于









0.2 mg/mL 负载（Lysate-DCs）组、pJAK2 多肽
15 μmol/L修饰（pJAK2-DCs）组、抗原 0.2 mg/
mL 与 pJAK2 多肽 15 μmol/L 共培养（Lysate ＋
pJAK2-DCs）组，继续培养 24 h后，各组均加入
TNF-α 20 ng/mL以促进 DCs成熟，第 7天时收
获 DCs。此时的细胞为成熟 DCs，流式细胞仪检
测 DCs表型，上清液于－ 80 ℃冰箱保存，用于
ELISA法检测 IL-12水平。
1.5　FCM法检测 DCs表型　收集部分第 5天分
组前未成熟 DCs（immature DCs，iDCs）及第 7
天各组促成熟后的 DCs细胞，用预冷的 PBS洗
涤 2次（200×g，10 min），调整细胞密度为 5×
106个 /mL，取 50 μL细胞悬液，按说明书加入
PE标记的 CD80、CD83、CD86和 HLA-DR荧
光抗体，设未加抗体的细胞悬液作为对照。于室










细胞，即自体 T 细胞。将 T 细胞与 DCs 按一
定细胞比例（1 ：10）加入 96孔培养板中混合
培养，37 ℃、CO2 体积分数为 5%条件下培养
72 h；同时设单一 T细胞孔和单一 DCs孔作为
对照。以胃癌细胞 BGC-823为靶细胞，各组刺
激 T细胞产生的细胞毒性 T淋巴细胞（cytotoxic 
T lymphocyte，CTL）作为效应细胞，按效靶比
30 ：1、20 ：1和 10 ：1分别加入 96孔培养板中，
然后置于 37 ℃、CO2体积分数为 5%以及饱和湿
度条件下培养 4 h，均设 3个复孔。采用 LDH细
胞毒实验法测定 CTL活性：吸取上清液 50 μL，
置于 96 孔板中，加入 LDH 基液 50 μL，室温







IFN-γ的含量　取第 5天分组前 iDCs、第 7天
各组 DCs培养上清液即成熟 DCs以及这些成熟
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F ig. 1　The morphologic changes of DCs (dendritic 
cells) at different incubation time points were observed 
u n d e r  a n  i n v e r t e d  p h a s e  c o n t r a s t  m i c r o s c o p e  (×
400). A: PBMCs (peripheral blood mononuclear cells) 
were cultured with rhGM-CSF (recombinant human 
granulocyte-macrophage colony-stimulating factor) and 
rhIL-4 (recombinant human interleukin-4) for four days; 
B: PBMCs were cultured with rhGM-CSF, rhIL-4 and 




Table 1　The expression levels of molecular markers indicating cellular phenotype on the surface of DCs (dendritic cells) 
under different cultured conditions
(  ± s, %, n=3)
Group CD80 CD83 CD86 HLA-DR
iDCs 9.99±3.9 5.89±1.2 10.70±1.6 26.62±5.3
Control (DCs) 70.58±2.6 73.00±3.1 78.00±1.8 80.27±3.4
Lysate-DCs 72.94±4.2 76.53±1.9 80.12±3.4 82.18±2.5
pJAK2-DCs 75.75±2.3* 78.22±2.1* 81.30±3.6 82.85±2.8
Lysate + pJAK2-DCs 77.31±3.0** △△ 81.71±2.8** △ 86.03±2.0** △ 87.28±2.4** △ 
HLA-DR: Human leukocyte antigen DR. iDCs: Immature DCs, which were treated with rhGM-CSF (recombinant human 
granulocyte-macrophage colony-stimulating factor) and rhIL-4 (recombinant human interleukin-4) for 5 days. The mature 
DCs were induced from iDCs by treatment with 20 ng/mL TNF-α on the sixth day. Compared with the control group, the 
other three mature DCs groups were additionally treated with Lysate (0.2 mg/mL), pJAK2 polypeptide (15 μmol/L) and Lysate 
(0.2 mg/mL) plus pJAK2 polypeptide (15 μmol/L) on the fifth day, respectively. The phenotypes of these DCs were analyzed by 






DR，P ＜ 0.05；CD80，P ＜ 0.01）；而且 pJAK2-
DCs组的 CD83表达水平高于对照组（P ＜ 0.05）。
2.3　诱导成熟的 DCs刺激 CTL对胃癌细胞的
杀伤活性　以胃癌细胞 BGC-823为靶细胞，在




组（P ＜ 0.01，图 2）；pJAK2-DCs 组与 Lysate-
DCs组之间差异无统计学意义；而抗原与多肽共








Ratio of CTLs and BGC-823 cells










F ig. 2　CTLs (cytotoxic T lymphocytes) induced by 
different mature DCs (dendritic cells) to kill gastric cancer 
BGC-823 cells were assayed by LDH (lactate dehydrogenase) 
cytotoxicity test (n=3). Control: Mature DCs alone; Lysate-
DCs: Mature DCs treated with Lysate (0.2 mg/mL); pJAK2-
DCs: Mature DCs treated with pJAK2 polypeptide (15 μmol/
L); Lysate＋pJAK2-DCs: Mature DCs treated with Lysate 
(0.2 mg/mL) and pJAK2 polypeptide (15 μmol/L).**P ＜ 0.01, 
vs  the control group; △P ＜ 0.05, vs  Lysate-DCs group.
图 2　各组DCs诱导CTLs对胃癌 BGC-823细胞的杀伤性
者单独刺激组（即 pJAK2-DCs组与 Lysate-DCs
组）都高（P ＜ 0.05，图 2）。
2.4　DCs培养上清液中 IL-12及 INF-γ的分泌
水平　ELISA 法检测各组 DCs 培养上清液中
IL-12的分泌水平，结果见图 3A；各成熟 DCs
刺激自体 T淋巴细胞 72 h后，形成的 CTL细
胞的培养上清液中 INF-γ分泌水平检测结果见
图 3B。结果显示，成熟 DCs的 IL-12水平较刺
激成熟前明显升高，对照组达（188.0±19.13）
pg/mL，但另外 3组的分泌水平又明显高于对照
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CD83、CD86 和 HLA-DR 的表达，能有效刺
激 T细胞增殖，增加 IFN-γ的分泌量，最终增强
CTL的特异性杀伤作用，产生高效而特异性的抗


















CSF和 TNF-α，在培养第 5天将 DCs分为 4组：
单纯 DCs培养（对照）组、抗原 0.2 mg/mL负
载（Lysate-DCs）组、pJAK2多肽 15 μmol/L修
饰（pJAK2-DCs）组、抗原 0.2 mg/mL与 pJAK2







pJAK2-DCs 组的 CD83 表达水平高于对照组
（P ＜ 0.05）。这提示 SOCS1影响了 DCs的成熟，
且 SOCS1拮抗物 pJAK2多肽能诱导出更成熟的
DCs。
为了说明所诱导的成熟 DCs 激活的 CTL
活性对胃癌细胞具有杀伤作用，本研究进行
LDH细胞毒实验。结果显示，随效靶比的增高，
CTL 杀伤效应越强。当效靶比为 30 ：1 时，对
照组 CTL 对胃癌细胞的杀伤率低于其他 3 组
（P ＜ 0.01）；pJAK2-DCs 组 与 Lysate-DCs 组
之间差异无统计学意义；而 SOCS1 拮抗物及抗
原共同培养的 Lysate ＋ pJAK2-DCs 组的 CTL
杀伤率较单独刺激的两组（即 pJAK2-DCs 组









































































Fig. 3　The levels of secreted IL-12 (interleukin-12) and 
IFN-γ (interferon-γ) in different mutant DCs (dendritic 
cells) were detected by ELISA (enzyme-linked immuno 
sorbent assay) (n =3). A: IL-12 was secreted in culture 
supernatants from immature DCs and mature DCs. B: 
IFN-γ was secreted in culture supernatants from CTLs 
(c y totoxic T lymphoc y tes) induced by mature DCs. 
Control: Mature DCs alone; Lysate-DCs: Mature DCs 
treated with Lysate (0.2 mg/mL); pJAK2-DCs: Mature 
D Cs treated with pJAK2 pol y peptide (15 μmol/L); 
Lysate＋pJAK2-DCs: Mature DCs treated with Lysate 
(0.2 mg/mL) and pJAK2 polypeptide (15 μmol/L). *P＜0.05, 
**P ＜ 0.01, vs the control group; △P ＜ 0.05, △△P ＜ 0.01, vs 
Lysate-DCs group.






















远洋等 [9] 研究结果显示：SOCS1 沉默联合喉
癌 Hep-2抗原致敏的 DCs可显著上调表面分子
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示各组成熟 DCs的 IL-12表达水平较 iDCs显著
升高（P ＜ 0.01），提示 IL-12为成熟 DCs所分
泌。这与 Li等 [12]的研究结果相符，成熟 DCs分






DCs组＜ pJAK2-DCs组＜ Lysate＋ pJAK2-DCs








养的 DCs具有更强的 CTL活性和 Th1功能。这
与 Takahashi 等 [13] 研究发现 SOCS1 － / －Treg 细
胞可分泌高水平 IFN-γ的结果相似。
然而，本研究没有检测 pJAK2多肽对 JAK-
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